Abstract: Synthesis of 1,5-diaryl-1,4-pentadien-3-one amidinohydrazone hydrochloride via the condensation of 1,5-diaryl-1,4-pentadien-3-one and aminoguanidine hydrochloride catalyzed by hydrochloric acid was carried out in 80-94% yield at 35-37 o C within 1.5 h under ultrasound irradiation. Compared to the classical method, the advantages of this method are milder conditions, shorter reaction time and higher yield.
Introduction
Amidinohydrazone derivatives play important roles in medicinal chemistry due to their fragments are featured in many pharmacologically and biologically active compounds [1] [2] [3] [4] [5] . Especially, 1,5-diaryl-1,4-pentadien-3-one amidinohydrazone hydrochlorides take a famous effect in the amidinohydrazone derivatives. These compounds are useful as anti-tubercular and anti-malarial agents in warm-blooded animals 6, 7 and are also useful as insecticidal agents 8, 9 .
Generally, 1,5-diaryl-1,4-pentadien-3-one amidinohydrazone salt are synthesized from 1,5-diaryl-1,4-pentadien-3-one and amidinohydrazone salt. Tomcufcik et al. reported that the synthesis of four 1,5-diaryl-1,4-pentadien-3-one amidinohydrazone hydrochloride was carried out in 40-70% yield under refluxing EtOH via the condensation of bischalcone with aminoguanidine hydrochloride catalyzed by hydrochloric acid, but a long reaction time (4-16 h) was required 8 . Ultrasound has increasingly been considered as a clean and useful protocol in organic synthesis in recent years. Compared with traditional methods, the procedure is more convenient. A large number of organic reactions can be carried out in higher yield, shorter reaction time, and milder conditions under ultrasound irradiation 10, 11 . It appears that the condensation of bischalcone with aminoguanidine hydrochloride by using ultrasound has not been reported earlier. Herein, we wish to report an efficient improved synthesis of 1,5-diaryl-1,4-pentadien-3-one amidinohydrazone hydrochloride via condensation of 1,5-diaryl-1,4-pentadien-3-one with aminoguanidine hydrochloride catalyzed by hydrochloric acid in ethanol under ultrasound irradiation (Scheme 1). General procedure for the synthesis of 1,5-diaryl-1,4-pentadien-3-one amidinohydrazone hydrochloride 1,5-Diaryl-1,4-pentadiene-3-one(1, 1 mmol), aminoguanidine hydrochloride (121 mg, 1.1 mmol), hydrochloric acid (36.5%, 0.05 mL) and ethanol (10 mL) were added into a 25 mL round bottomed flask. The reaction flask was located the cleaner bath, where the surface of reactants was slightly lower than the level of the water. In the water bath of the ultrasonic cleaner, the reaction mixture was irradiated at 35-37 o C for the period of time as indicated in Table 2 . The reaction was monitored by TLC (silica，CH 3 OH: CH 2 Cl 2 = 1:4，V/V), the reaction temperature was controlled by removal or addition of water from ultrasonic bath. After the completion of the reaction, the solvent was evaporated under reduced pressure, and the residue was dissolved in CH 2 Cl 2 (10 mL) and washed with water. The organic layer was dried over anhydrous Na 2 SO 4 overnight and filtered. The solvent was removed by evaporation under reduced pressure to give the crude products, which were further purified by column chromatography on silica (200-300 mesh) eluted with petroleum ether (b.p. 60-90 o C) or a mixture of CH 3 OH and CH 2 Cl 2 (1:30). The authenticity of the products (2a-e) was established by comparing their melting points with data reported in literatures 8 , the others (2f-l) were established by their 1 H NMR, 13 C NMR and MS. 
Results and Discussion
To examine the effect of reaction conditions on the synthesis of title compounds, the condensation of 1,5-diphenyl-1,4-pentadien-3-one (1a) and aminoguanidine hydrochloride was selected as the model under ultrasound irradiation. The results are summarized in Table 1 . As shown in Table 1 , the reaction temperature had a significant effect on the condensation. While the reaction was carried out at 15 o C, 25 o C, and 35 o C, the yield was 74%, 85%, and 94%, respectively, (Entries 1, 2 and 3) . The yield was increased with increasing temperature and reached the maximum at 35 o C. But when the temperature was raised to 45 o C, the yield was dropped to 83% (Entry 4) and we choose 35 o C as the appropriate temperature.
The influence of the molar ratio of 1,5-diphenyl-1,4-pentadien-3-one to aminoguanidine hydrochloride on the reaction was observed. When the molar ratio was 1:1, 2a was obtained in 80% yield (Entry 5). While the molar ratio was increased to 1:1.1 and 1:1.2, the yield was also increased to 83% and 85% respectively, but the improvement was not obviously (Entries 4 and 6). In the absence of hydrochloric acid, we also did the experiment for the reaction of 1a with aminoguanidine hydrochloride, the reaction was not taken place at all (Entry 7). It seems that hydrochloric acid plays an important catalytic role in the reaction. From the above results, a typical experimental procedure was chosen as follows: the molar ratio of substrate to aminoguanidine hydrochloride (1:1.1), hydrochloric acid (0.05 mL), EtOH (10 mL), reaction temperature (35-37 o C). Using this reaction system, a series of experiments for the synthesis of 1,5-diaryl-1,4-pentadien-3-one amidinohydrazone hydrochloride were performed under ultrasound irradiation. The results were summarized in Table 2 .
As shown in Table 2 , the condensation of 1,5-diaryl-1,4-pentadien-3-one and aminoguanidine hydrochloride was carried out in good to excellent yield catalyzed by hydrochloric acid at 35-37 o C under ultrasound irradiation.
In order to verify the effect of ultrasound irradiation, the model reaction was also performed by stirring alone under silent condition at the refluxing temperature for 4 h, the yield of 2a was 60% (Entry a). While under ultrasound the reaction can be completed in 94% yield at 35 o C within 1.5 h. At the same temperature (35-37 o C) and time (1.5 h) by stirring, the yields (2i-l) were much lower than that under ultrasound irradiation. For example, the condensation of 1k with amidinohydrazone hydrochloride was stirred to offer 2k in 37% yield, whereas under ultrasound 2k was obtained in 90% yield (Entry k). It's clear that ultrasound can accelerate the reaction and improve the result. Cavitation is the origin of sonochemistry. Liquids irradiated with ultrasound can produce bubbles. Under the proper conditions these bubbles undergo a violent collapse, which generates localized "hot spot" with a transient high temperature and pressures, inducing highly reactive species are locally produced, which are responsible for the chemical effects of ultrasound on homogeneous solutions. In the some case, sonication can probably provide more efficient stirring 12, 13 . These can cause the reaction to take place rapidly. From the data listed in Table 2 , we can see that the dramatic improvements were the short reaction time and high yield. According to the method catalyzed by HCl in the literature 8 , the refluxing time, and the yield of 2a were 16 h and 69%, respectively, for the reaction of 1a and aminoguanidine hydrochloride. The present procedure gave 94% yield at 35-37 o C within 1.5 h (Entry a). The refluxing time and yield of 2c were 7 h and 40%, respectively, for the condensation of 1c and aminoguanidine hydrochloride, whereas under ultrasound 2c was afforded in 86% yield at 35-37 o C within 1.5 h (Entry c).
In these experiments, bischalcones, carrying either electron-donating or electronwithdrawing substituents reacted very well and the condensation of 2a was easier than that of other bischalcones, it may be that the steric hindrance around the carbonyl group inhibited the attack of aminoguanidine hydrochloride to carbonyl group.
From the above results, we can deduce that the yields are higher than those described in literatures. Compared with the reported, the main advantages of the method are milder conditions, higher yields, especially, a much shorter reaction time.
Conclusion
An efficient and convenient procedure for the synthesis of some 1,5-diaryl-1,4-pentadien-3-one amidinohydrazone hydrochloride has been developed under ultrasound irradiation. Compared with the reported method, this procedure provided several advantages such as milder reaction condition, shorter reaction time and higher yield. 
